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^ understanding of the basic cpncepts of computer technology. A 
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: ' ' ' Abstract 

^ • . j 

Findings from ah assesstneht ot the skills, knowledge, attitudes and 

experiences of California sixth and twelfth grade ,stuc|ehts in the area . 

of computer technology are reported. Boys reported having more 

experience with computers , arid' this experience was associate with 

> * _ _ _ _i 

higher test scores, than girls. Nearly all grqups studied showed a, low 

iejyel of understanding of the basic concepts of , computer technology, ft 

majority of s-tudents* did exhibit awareness ^of certain basic concepts of 

^computer technology, and did hold positive attitudes towards cdmputers, 

EVen so, spbstaritial percentages of students subscribed to various 

common misconceptions about computers. Students witk parents having 

more education^ or who worked professionally, had higher test scores . 

than students with parents who "had less education or who did unskilled 

work. , ' ' * ^ 



^ ;< Cdqiputef 'Literacy in Califdrrda Schodl^s 

■» - 'fif ► - ^* " . ■ ' . , 

^ . • .. ^ 

The computer can be a means jof educating students and an olpject .of ' 

. ^ . / _ y_ _ . _ _ : ^ 

study in itself . ^ ^Historically, in the public schooler there Jtes ^beeh * 

more interest in the former / application -than in the, latter. These two- 

applications are not mutually exclusive, jusing the computer as an , 

instructional tool invariably requires learning something about the 

machiiie ah^ how to operate ^t. It, is also true that the study of 

computers and prd^rammin'^can be a na^tural and stimulating way to 'learn 

problem solving skills and various mat'hematidal ^ahd scientific concepts* 

' _ : c _ 

There is strong evid^ce for the growth of a serious interest in 

computer ' studies in California and natibn^de. The California State 

Board of Education in 1983 made cdtiiputer,* studies a part of its iiiddei 

_ . . . ' -S- - - - - . _ . 

graduation requirements, a measure which »is being considered and 
duplicated in other states. The College Board in 1*982' inaugurated an 
• Advanced Placfement test for high school students in ^e area of computer 
^science. The National Center for Educational Statistics in' 1983 

._ _. : . >__ _^ • 

initiated a nationwide -study of computer literacy. 



— ^- '■ ^ ' " - . ■ . . ' 

This study was carried o^ under the auspices of the California 
Assessment Program^ whijeH is inahdated "to assess anhually^jihe. level dt 
.■ achievement in California Rublic schools and to investigate factors 
related to changes in* that achievement. The obtained ihfbrmatiph is _ - 
reported to the California Legislature^ and to all tested. schools and 
districts." Tlie opinions eicpresled here are hot necessarily those of 
the California Department o^ Education. 



^ The growing popularity of the' cbinputer in school: curricula and the> 
growing rdi4 <5f computers in the , workplace, raise the concern that ail 
, students have tfte opportunity to benefit from instruction in cpSiputer 

technology. So the^ extent that enrollment trends in ' the ^ea of 

\ ' -,- ^ . 1 ^ 

computer studies follow those traditj-bnally found in science 3nd 

mathematics, girls are not benefiting from sucte instruction las* rnucli as 

boys. - The primary goal of this study wa^ to examine the knowledge^ 

attitudes and experiences of Cafifornia sixth and twelfth grade boys and 

girls ih' tile- area of computer technology. - The study was designed to 

_._ ~ ^ *" ' ■ _ •_ 

encompass the .diverse educational objectives of many different dis^ict 

1 " j_ 

and school programs. The result was a baseline measurement. It should 

' not be interpreted as aii evaluation of a particular curriculum or 

_ - - - - 
. edutatiohal policy. . 

Educators have witnessed in recent years a lively debate about what 

_' J _ J . _ ' _i _ ._ . ^ 

students should learn about computers. Statements of educgitional 

' i, _ \ ^ ; ; 

objec^ves-have befen published tiy the Committee on Computer Education 



(1972), the National Council of Supervisors of Mathematics (1978), 

Johnson, Anderson, Hanson, * and klassen (1980^, Rogers '(1982) / and the 

. _._.*___#__' 

Department of Defense Dependents Schools (*i982)^ among others. 

Discussion of various key issues can bp found* in Seidel, Anderson and 

Hunter (1982). • . 

The National Assessment of Educational Progress .included several 

questions on computers ?n its 1978 mathematics assessment, which have ^ 

been reported* by . Carpenter ^ Cbrbitt, Kepner Lindquist ^and Reys C1980) . ^ 

' Thjey 'concluded that a large 'ttiajdrity of the 13 and seventeen year old 

students tested had little or no experience in actual applications of 



computers • For example^ bhl^ 8 percent of 13 year olds and i3 percent 
of seventeen year olds said: they :>1chew how to prbgrani^ i computer i By 
contrast ^ ther6 was a somewhat higher level 'bf awareness of the routine 
uses bf computers. Understanding of more sbphisticated uses bf 

• 4 

computers in complex decision making and mathematical modeling bf 
problems, was more limited'. ' _ 

The 1982 National Assessineht of Educatibhal Progress math^^matics 
assessment repeated some of the computer questions asked in 197^8.* 
Between 1978 and 1982 the number Of students with- access to cbmguterE 
for learning mathematics almost doubled. Nearly one-fourth of 13 year 
olds and one-half of seventeen y^ar olds had access ^to ^ comput;er in. 
School in 1982. . Students at both ages were more positive about-^. 
computers in 1982 ttian in 1978. Even*' so,' a substantial' nuSber of * 
Students continued to hold a variety bf mi scone eptioas abdut computers. 

The Galifornia Department of Educatibn in 1981 survey^ sixth gritde' * 

- • ' (■ ^ ^ 

schbbl bfficials and Students bn computer use'. dSyehty-fiine percent bf 

- > ^ . ■ -' <- ' : 

the. elementary Schools surveyed possessed a niicrbcbmputer br computer 

.terminal. .Qf the schools with equipment roughly ohe*^half , used the ' 

equipment for computer literacy instruction. Shhbbls that reported 

using computers fpr st^deait pTOgj-aqping^oi: creative applicatipr^s tendfd 

-to have higher socioeconomic status than schools reporting drill and 
_ _ . _ " __ , 

practice applications . Boys were more likely to report u^e of a 

c6mputer in school or at home th.an girls. ^ '. 



Method 



Instrumentat i on 



1 



welf th c(rade survey ', ft coininittee of specialists in computer 



tedh^ology was assembled from the public school system, universities and 

__ i 1_ '_ . . : 

industry. This committee designed a survey to assess a wide variety of 
instrttction^l objectives in the area of computer studies^ as well as 
attitudes towards* computer technblbgy, and relevant experiences with 
computers. Cognitive test questions' were- written to conform to "^a set of 
objectives that had been developed and used with the Department of 



Pefense\ Dependents Schools (DbDDSJ curriculum. These objectives ate 



'■1 



shown in Appendix A.^ Test questions were reviewed; for relevancfe and 
accuracy' of cbhteht/ sex and ethnic .bias. All cognitive test Questions 
were multiple choice with four options. , - : • 

Attitude questions' were' obtained from a set that had been 

_ ^ • - * ^ 

administered by the National Assessment of Educational Progress in its 
1578 mathematics' assessment. Each of the attitude questions requested 
the student to indicate agreement (Strongly disagree. Disagree^ 
Undecidcidf Agree, Strongly Agree) with a particular statement. ^ 
Statements included here were: 
^ • Computers dehumanize society by treating everyone as a n\iinber. 
• The more computers arS used* the less privacy a person will have*;. 




2 Thf terms, •"computer literacy" and '"computer scipjice," as used in thi 
study, should be understood in light of^the described^objectiveS. The 

; •humbir of questions relevant to each objeictive, is written in - 

pateijltheses after each statement^ - There were, in ail, 430 questio^ 
incliliding 239' for the area of- computer literacy and 191 for, computer 
sci^jice. The NOrthwegt Regional Educational laboratory in .Portland, 
•Dregcm, shared questions that had beenwritten for a DoDDS evauiatibn 
and assisted in the question writing process i 



^ • GomRUters will probably create as many '^obs. as^ they eliminate. 

• Computers slow down and complicate simple 'soliSess operations - 

• Someday most things will be' run by computers. 

• A knowledge of computers will help a person get a better job. - 

• Cbxnputers can help make^ mathematics more interesting. 

The cbrhmittee designed the background questions 'to assess relevant 

- «_ _ __ __ __ * 

prior knowledge of computers and experiences with them. These questions 

were: . * . V : . 

• Indicate w^ich of the following languages you haye actually used to 
I^Fite and run computef^^prbgraihs .. (BASICr PASCAL^ LOGO> PILOT, 

FORTRAN^ COBOJLr FORTH, ASSEMBLY LANGUAGE, Other, N^e) This ? ' 

question was presented only*, to' twelfth .graders. ' 

• indicate which of the following video games ydU have at home. •* 
(Atari, Odyssey, Intellivision, Colecovision, Other, None) [ 

: : • V. 

• Indicate which of 'the following types of microcomputers you have / 
' used at school'. *(Atari 4Gb or 800, tRS-80, Apple,'' PET--Connnodore, 

^ IBM, Texas Instruments, Osborne', ofher. None) . . : 

^ ■ ^ ^ - : ^ : ' . ■ 

• Indicate the types of ih-school microfiomputer iearniilg experience 

you havi had.. (Write prbgrams>. Generally learn about computers, 

» •* 

Drill and practice^ Simulations (math or science * demons tritions ) , * 
f^utbrial, Iristructibhal .gaihei, I have had little experience with 
- computers) - • ^ ? 

• Indicate where you have learned about computers. (At hbme^ At » ^ 
friend^' homes. Special summer, programs. Museum of sciehceVhall^. At 

during the day. At school during the evening, 'Computer 
stores' or salesmen. Playing with vicjea games, I know little about - 
computers) 



school 



students were askecj to report demographic information, including se^c", 



and level pf fsarent ^education. The five possible categories of parent 
education were; ; % • 

• Not a higi^ school gr^uate , 

>■___.. . . . ; . . . 

• High school graduate 

• Some college * ^ 

• Eour-year college graduate 

• Advanced degree ' - ^ 

I _____ 
That category corresponding .to the highegJL educational level . reached by 

a parent was to be' sel^tet^. . • ^ ^ 

The test: was' desigr>ed in a matrix fftrmat so that each student saw 

only a small part of tW^e entire pool 'of questions. Eighlj'-six unique 

forms of the test were createcj^ eacla containing^ five^ognitive test 

questions, one^attitude question and two background\fluestions.. The 

i ' ■ > ■ ^ : • • ■ , 

attitudevand background questions were assigned to thi 86 test forms so 
that each would appear approximately an, e<5^uai number of times. A' 
different set of cognitive- test questions, Iseiected to cover both | 
cbmputef literacy and computer science objectives, -appeared on each 
^olm. These were arranged sibjectiveiy, in an order from easy to _ 
difficult, on eaS'test.- The test-forms were spirals! for dlrstributibri 
SO that each one would be igiveh' sUbbut the same number of times within 



each school. , 

Sixti) gradfe survey . ;The questions selected for use with sixth grade 

i_ _ * ' 

^students were^a subset of^^bse developed for twelfth graders. The 
selected questions were included on the California Assessment Program 
tegt,' Survey of Basic Skills ; Grade 6,- which is administereiJ^' annually to 



all public school sixth grade students in ealiforhia. There Sre 4S 
different forms of this .test r and _each student ^akes ju4t one fgrm. In 
^additibh to the reading^ written expression and mathematics questions 
included dn each fbrm^ there ii^s^^space for on^additional computer t^est 
question. This iiieaht that 40 different computer test questions ^^p<5uld be 
given to sixth grade students. ■ 
; Twenty-four cognitive test questions were selected. Thes^ questions 
" all corresponded to DbDDS objectives^ showfi in Appendix appropriate 
for eleiiientary grades and all relat^ to computer literacy • ^ The^ types " 

_ ■ . » w . ' 

and number of qyesf-xons w^re: - r 

• Objective 1.2.1 Use an appropriate vocabulary (3 questions) 

• Objective 1.2.2 Distinguish interactive and batch processing (3)' 

• dbjective l.!2.. 3 Identify major compJuter system^ components X4) 



• Objective 1.2.4 Recognize appropriate tasks for a corpputer (1) 

. ; _ J^' ' 

• Objective 1.2.5 Describe major historical developments (2) 

_ _ , _ _ m__ t_ _ 

• Objective 1.3.4 Develop procedures to perform uSeftoi taiks.(2) 

• Objective 1.3.5 Write simple programs (4) 

• Objective 1.4.1' Know specific uses of computer s ■ (2)' - 

• Objective 1.4.2 Know computer occupations and careers (3). 

-_ '_ 

In addition to the four regular response bptibhs originally included: in 
the questibnsr sixth grader^ were permitted ah "I dori't know -the answer 
response. '3 ' * S 

Instead of information on parent education, which w3s collected from 



liwelfth graders, the sixth gr^de teachers provided infbrmati'bn on parint 
occupation of students. The p^ssifc)le categories of parent bccupation 
were:- " ^ - ' 



n 



• Professional . ' 
. • Semi'prof essionai 

To- — - - - % 

• Skiiied . 

, • Unskiiled ' ■ ■ . 

The instruction to the teacher was to mark the category which 
corresponded most closely to tS^e occupation of the family's primary 

breadwinner . - - . 

' f. 
Sample « . _ ,' ^ ' 

Ti/elf th grade sample . Schools included^ in this study were sampled 

randomly i':^ Using statewide test data' collected the previous year, high 

schools were ranked and classified into five equal categories on the, 

basis of number tested (a proxy for school size). Within eaqh size 

catjegory schools were ranked and classified into five equal groups ^ 

the basis of an' average ^ndex of parent education (a proxy for social . 

class). This resulted in a five by five cross-cia^sif ication b£ schools 



with ?qual numbers in each of the. twenty-five cells. Schools were 

selected randomly with a probability of p « ,125 from each cell. Prom 

_______ _* Q ■ - , - _ _- _ - - _ 

the original population of I^Si schools-. 98 were selected> cbhtaihihg an - 

estimated 23,395 students. The sample did'^ not differ significantly 

from the population in terms of achievement or parent education. The 

sample average humbelr. tested per school^ N = 239, was smaller than the 

population average of N = 281^ indicating a Sligfc^over s'ampling of small 

schools. Eighty-seven schools participated in the study in becerabeJ^ 

1982^ yielding a school response rat^ of 89'percent. Several schools 



^ These data -were obtained from data tapes produced by the California 
Assesfmeht Program* All twelfth graders attending California public 
sg^bbls are required tb be tested. 

. 14 



•<-■■ - -t' -i 



_ : .....A ^ ^ 

declined to par.ticipate on the basis that their students wejre not . 
prepared for ^ch 'ah assessment . Survey questiohhaires were ^received 
from 17^861 studtsiits, yielding ah estimated student response rate of^ 88 
percent from p,articipatihg schools. 

Given the matrix - format of the test^ each of the i3Jd cogniti^^e test 

qUestibrls* was taken by about 200 students. Each of the thif-teen 

.... _ ' . w.. •' > _ ... ' ■ ■ . 

attitude questidhs appeared on six different te^t forms and was 

responded to by a^ut 1,200 students, ^^k^ouhd questibns -were placed 
on the test forms in pairs and about 4,800 students .respoYideki to each 
one. . ' ^ ' ^ 

Sixth grade sample . The Survey ot Basic §ki44s*: Grade . Six was 
administered to 293,717 students between April 25 and May 13 of 1983 
under standardize conditions. Test forms were assigned tcf students by, 
an effectively random ^procedisre, with approximately equal numbers of • 
each test form given in ea™ school., fts a result each computer test ^ . 
question was given to ah average of 7,343 students. ^ Rates of 
non-response rang^ from four to six percent* - ^ 

Analyses 

Analyses were grbu^ied under three headings: performance, attitudes, 
4» and experience. Analyses of performance refer^ tb.,cbghi,tive^test^^ ' 
questions, analyses of attitudes refer to th^* rating scale q(uestiqhs^,. 
and analyses of exggrience refer to the background c^estibhs. 

Performance • - v 

*^ ' _ _ . . . _ . _ . ■ • _ 

RelSpdnses to individual cognitive test questions were classified 

according to boDPS . student objective and aggregated. Aver acffe twelfth ■ 

^ , ' . '. ' • f ' ' ' t ■■ ■ ' 

grade percent correct scores for . boys and girlis, brbkeh down by tfie 
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; ^ . 'ID 

.^__c^__^.:_ I .... 

different categories of parent- edodation arjs contained in Figures 1 ;and 

'2; A simiiar analysis of sixth grade percent correct scores is showh in 

Figure ,3. Sixth and. twelfth grade performance on those questions which 

were presented to students at both/grade levels is summarized in Table 

1. Total percent- correct scores are shown, along ^with a breakdown by ; 
sex. • . 

' ■ ■ t . 

Attitudes N 

Student attitudes toward computer technology are summarized in Table 

2. Responses to the statements were coded (strongly disagree^l; 
disagree=2; undecided=3; agree=4; and strongly agree^S) and average 
values were computed for the total sample, as well as for boys and girls 
separat'ely. Average values greater than three indicate a tendency for 
agreement with the statement, and values less than three indicate 
disagreement. - - 
Experience 

Responses to the background quefetioi:^s, which provided information on 

student experiences, are summarized in tables 3, 4 and 5. The percent 

of students responding to each option is shown along with a breakdown by 

se^. Twelfth grade percent correct oh computer science and. cj^jiputer 

literacy test questions coul(J be calculated for the subgroup of students 

selecting each option and this is displayed', as well. Perdeqts may not 

sum to 100 because. of the possibility multiple responses to these 
«S> • - ^ 

questions • 



' ' 11 

^ R i asurts * 
Performa ni^ * ' • 

Avfrage twelfth grade performance is displayed graphically in Figures 
1 and 2. 'These f igure§^ref lect the responses of the 17,861 twelfth 
graders sampled. Average test ^5res ranged f?om eight-eten percent 

correct on questions about translation of software among computer 

. * . \ - • ' 

^ <r '_• 

languages to a high of 68 percent correct on questions aboqt appropriate 
tasks for computers. Boys scored consistently higher than girls for ail 
categories of parent education in' both computer literacy and: computer 
science: -These results may reflect either a tendency for boys to take 
more advantage of opportunities, or a tendency for parents or teaghers 
to encourage boys more than girls, or come combination of both. Higher 

revels of parent education were associated with higher test scores. The 

->' - - - -t _____ 

difference in scores between boys and girls vfas slightly larger for 

students from more educated backgrounds than for students from J.ess 

educated backgrounds. This hints that sex-related differences in 

achievement are not diminished by increases in parent education and the 

social advantages which very likely accompany these increases. 



Insert Figures 1 and 2 about here. 



' Average sixth grade computer literacy test scores for the 293^717 
boys and girls surveyed, broken down by categories of parent occupation, 
• are shown in Figure 3. Scores were low, ranging l^rbm about 16 percent 
corr;ect to at^ut 33 percent correct. Boys scored cbhsistehtly higher 
than girls and students from less skilled parent occupation backgrounds 
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scored Ibwec than those frbiii more- skilled professional backgrounds; 
The difference between boys and, girls was slightly larger for students 
from 'professional backgrounds, . • 



lasert Figure 3 about here. 



Twelfth and sixth grade sumraary performance on a common set of ' 
: questions is displayed in Table 1. The average percent correct scores^" 
in this table are derived from the subset of questions ^iven both to 

sixth and twelfth grade students. Each objective in this table 

[ _____ * _ _ ___ 

represents from one to four questions. Twelfth grade total scores are 

based oh 200 to 800 responses, and sixth grade total scores are based on 

7,343 to 29,372 responses, depending on. the number of questions ^ 

represented. Although even very small differences are statistically 

significant^ judgements about educational significance are .not. so clear 

cut, . * 



Insert Table 1 about here. 



With a few exceptions boys scored higher than girlg, con^rming the 



results in the figures. Sixtl? grade boys averaged about 4.0 percent 
correct points higher than girls, and twelfth grade boys were about 3,5 

percent correct points higher. Exceptions to this trend in the twelfth 

_ ______ _ _ __ __ __ 

grade were cjuestioKis on vocabulary where both boys and gij'ls scored a 

relatively high 82 percent correct and questions on interactive versus 

batch processing^ where girls scored one point higher than boys. Types 

is - . ' 



J ' \ - , » / 

of questibhs for which twelfth girade boys had the- efreatjest advantage 
over girls were on system cbmpohehts^ hfstbry ahd'^careers . Sixth g^^ade 
girls- scored at the same level as boys in one subject only that is> 
systematic procedures. ' @uestions-pn systematic procedures tended to 
address problem Solving skills ofva slnple nature. SixtSlj grade, boys 
stored much higher than girls oh questibhs haying to. do -with vocabulary^ 
system components, history, and sinpl^ prbgr^s. ^ 

Areas of strength and "fceakness -tended tb be the same in both grades. 
There were relatively high scores^ on vbcabular^ questions . Much lower 
scores' were obtained on questions about simple computer programs- Sixth 
graders had their lowest scores on' questions about interactive and bsftch 
processing. 

The ability to write and use computer programs is an important 
■ ■ ' . • "f ■ 

outcome of a course 6r> programming. Twelfth grade students were asked 

to indicate the computer languages they had used tb perform these tasks. 

Forty-three percent of twelfth graders indicated they had never, written 

♦ 

and used a cbmputer^prbgram. The programming languages and percent s bf 
students indicating use were: BASIC^ 37 perce^; PASCAL^ three percent; 
LOGO, three percent; PILOT^ two percent; FORTRAN, four percent; COBOL, 
four percent; FORTH, one percent; ASSEMBLY, five percent; and other 
languages, five percent.- Of the students responding to. this question 
the highest average test scores were attained by the those who had used 
PASCAL. Of the students who indicated that they used BASIC 54 percent 
were boys. 



. ; . ^ 14 

. : '4. ■ • . _ 

> - - -■ : 

Attitudes ' * ' • ' * 

Student attitudes: tdward computer .techhdlpgy arb symmarized in. Table 

• ■ . ^ ■ 'i ■ _ _ .. . . ^ _ r. . 

2. . Responses to the statements were, coded from 1 to 5, .with 

disagreement riceivirvg lower' values and .agreement receiving fiigher ^, 

Values. Average values over three indicate agreement and values lesB 

\ ■ . - ^ V ■ 'J 

\ . . » • . . . . _ ; _ _ . J. __ 

.thari\ three- ihdic'^ifre disagreement. Each sixth grade totai^is based on 
about 343 responses and each twelfth grade total is based on about 
1,200 responses. ' ' - ■■ - ' 



Insert Table 2 about here. 



Concerns aSbut privacy and bein^ treated as a number are often 
associated with^bmputer technology. These are two ways in which 
computers .are some^mes perceived to be dehumanizing. Twelfth grade 
students, boys, and girls alike^ tehd^ to disagree slightly with the 
statements that '"Computers, treat everybn as a number," and "The more 
computers are used the less privacy there is." Sixth grade students, by 
contrast were slightly more likely to agree with the notion that 
bdmputer. treat people like numbers; 

Student responses to statements a5out the role of computers in the 
workplace were positive and were more pronounced than their responses to 
statements about privacy and dehumanizatioh . Twelfth N^rade students 
tended to agree that "ebmputers" create -fes many jobs a/ they eliminate. " 
There was relatively strong twelfth* grade agreement with the stifceiriehts 
that "A knowledge of computers will help a person to get a bettervjpb," 
and that "Someday most things will be run Wcon^uters." The pattern of 



-> sixth grade, response was similar. Sixth grade boys tended to believe 

more strongly than the girls that computers computers will'help^^ 

-s ' . . • ' - • ■ ^ 

obtaining jobs khd that computers' will be running most things ^in-' the 
future. ^ . i / . 

There 'yras^relativeiy strong twelfth .gr^dje disagreement with the 
statement that "Computers slow c^pwn and cbrapiicate business operations." 
Boys w^^ ml^re. ill, disagreement than were girls. Sixth . grade students 
responded ifi a similar ifashibhv althSugh riot with quite the sanie degree 
of disagreement.. Sixth grade boys tended to^disagree more 'strongly than 
did the 'girls. 

Attitudes, to a certain extent, are shaped by experiences; a 

* - ■ •'- - - • * - * - X - 

expectations. It is possible that differences in the > experiences and 
expectations of boys and girls are responsible for the somewhat more 
positive attitudes of boys towards the role of computers in the 
workplace. Traditionally, in business, women have been exposed to 
computers through- word processing and automated accounting. To t^e 
extent that these types of jobp fet^e aS unirite'restihg by wbmen, 

this citlld translate into less positive ^attitudes . 

vj . ■ V. * ■ ' - 

Many people have associated computers with matljematics . Two aspects, 

/ _ _ _ _ _ _ _ _ ' _ . ^ ■ A 

of this tendency are that a person must be a mathematician to work with 

a cbiiputer (a myth), arid that computers calri help to make mathematics 

more interesting. Both, si^cth arid twelfth' grade studeritS/ tended to 

disagree with the staternerit that "Two work with a computer a persdri^must 

be 'a mathematician^" ' Despite the. vt^en^encx. to re ject . th*is mj^'th it was *' 

true that more than on^-fourth of the*^ students in both grades either* 

r . ■ - - .-- , - ■-- 

agreed or strongly agreed with the statement. Students in both grades.. 



agreed relatively strongly . with this statenieht that "Computers can help 

ihakfe maihematics more interesting." Boys in both grades were in, 

stronger agreement than girls. i ' ^ ^ ^ 

Experience : \ - '* , ' ' ' , . . - 



Uhderstahdiri^ the circumstances of learhi>ig can help to interpret 



test scores. Student responses ^o the question where they leaiined-'^about 
computers are sutmna^ized in Table 3., For twelfth graders it was 

' possible to provide average computer literacy and computer science 

, . . . . _ ^ u _ . ■ 

percent correct scores foi: the group of students selecting each option. 



The design of the sixth grade study did not permit the calculation of 
similar scores. The 'Friends' option was not available to sixtji grade 
students. . > = ♦ 



Insert Table 3 about here. 



Nearly bne--half of twelfth graders reported \^bwing little ^bdut 
computers. Thirty-nine percent of twflf th grade boys and 51 percent qf 
girls selected this bption. Appf dximately one-third of twelfth graders 
indicated "learning about computers at school and one-fifth said they 
learned about computers from video games. Six percent more boys at the 
. twelfth grad^ than girls reported learning about computers at home. 
ftpproximatJiy e^uar percentages of twelfth grade, boys and girls said ' 

they learned about computers in schools Relatively higher test scores 

J^"^^ _ .. , , . / ^ 

were associated i^ith learning at school, compared to learning from video 

..T . ' ■ ■ ^ - 

games. Th4 test scores of students who admitted knowing little about 
comptiters were only a few points lower than those who claimed to learn 
;tr6m video gameS. -4.^, ' ' 
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, * » *, 

Nearly bhe-half of siKth graders reported Khowtngjlittie about 
cbmputersr including 13 percent of the boys and 22 percent of the girls. 
Relatively large peifcentages of sixth graders 'reported .learning -about 
computers at jehbbl during the day {27 percent) and at home (^3 • 
percent). Although a larger prbportibh of sixth grade ^irls reported 
learning about computers in Ichbbl,. 'boys were r^bre likely to report 
learning at home. This could ihdicate a tendency for parents to ' - 
encourage boys to learn about computers npre than girls. 

Forty-two percent of sixth graders indicated learning abbut cbmputers 
from video games. Many of these students may-not , have distinguished 
clearly between computers 'and electronic games. To the extent that this 
was so, itf would indicate- a serious lack of understanding about 
cbmt>uters- Less than one-fifth of sixth graders indicated knowing 
little about computers^ and over one-fburth indlcated^iearning at - 
schbbl . ' ' : ' 

.The types of student experiences with microcomputers in school are- 
summarized in Table 4. AppSrbximately 4^800 twelfth grade students and 
7,343 sixth^ grade students responded to this question. The highest 
average grade twelve test scores in this table were bbtaihed the 16 
percent of students who reported that they wrbte cbmputer programs. 

■ - - - - . ■ ^ . - 

Eighteen percent of twelfth grade boys, compared tb 13 percent bf girls 
reported having written programs* Generally, the proportions bf boys 
were" greater than or equal to the proportions of girls in every category 
of actual use. tower test scores were obtained by' those stud.ents who 

reported playing' cbmputer gamei br whb reported using the microcomputer 

i ^ _ 

for drill and practice. Over one-half of the- twelfth grade students 

N 

'20 , ^ ' ^ 



reported having no in-school microcomputer iearhihg eKperience. this 
group included sey^ percent more/gir is than boys. 



*. * Insert Table 4- about here. 

Thirty-two percent of sixth graders^ including 29 percent of the -boys 
and 35 percent of the girls,' reported no in-schbol ^micrbcbmputer 
learning. The most frequently selected sixth grade Use of / 
mic^Qcomputers was cbmputer gaihes^ : including about ; brie-third of the 
students. Just as in the twelfttf grade,;. the prbpbrt ions of bys were 
greater than or equal tb the propbrtibtis of gjirls in every category of 
actual use. . 



Insert Table 5 about here. 



Student responses to whether they had accfess to a micrbcomputer at 

school or to a video gsone at hbme are summarized in Table 5. Access^ tb 

a machine, of cbtirse, says* little about the use made bf it. A 

microcomptiter might be available^ but rib i"ristructibri,bri may take place. 

Average computer literacy and cbmputer science test scores of twelfth 

grade students , with access tb a microcomputer, were about 4.0 points 

higher thari the scbres bf students without such access i SeVen perce.nt 

more twelfth grade boys and eight percent mdre sixth grade boys than 

i .1 

girls reported having in-schodl, access to a microcomputer. At both ^ 

grades six and twelve about 60 percent of students reported having 

school access. There. were no strong trends in twelfth grade test scores 
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in response to the question of access at home to a video gaiiie. Roughly 
one-half of the twelfth graders and* two-thirds of the sixth graders 
reported haying a video game at home. At both grades 'boys were more 
likely ^to^^haVe access than girls., - ' . 

. ' Discussion 



Perhaps the most, striking dverall result was the superior performance 

qt boys compared to gi^ls. Both 'sixth grade 'and twelfth grade boys had 

generally higher scores than girls-7 The'reasbn for this ag>p.eared to be"^ 

that boys had more experience with computers and prog35|Linining than girls. 

This was true at school and at home. Sex equity, lias been an issue in 

public education and it is likely that related concerns will .carry over 

into the area of computer studies i if students: with a background in 

computer technologjy benefit professionally from their experiencer there 

heeds'to be an assurance that specific subgroups of the population are 

not being discouraged: from acquiring that experience. This study does , 

not explain why girls appear to have less experience £n computer studies 

than toys, but it supports the h^bthesis that there is a <Jif f fBrehce. 
• . *f _ _ _ . _' _____ I _ 

Overall test scores for both sixth and twelfth grade students were 

low. To a certain extent these low scores can be ascribed to lack of 

experience with 'computers "for many students. Results from'-th^ atlalysis 

of attitude questions indicated a high level of student awareness of 



computers. This awareness was not backed up with a corresponding 
understanding of the basic concepts of computer technology; Even more 
experienced studentSr those who reported programming experiences ar 
school instruction in computer technology, did not score well. These, 
results underline the importance of giving consideration both to the 
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^stractional objectives of a coarse on computer techhbibgy, and to 



effective way§ of attaining those ^objectives , 



According to the 1962 National Assessment of Educational Progress 
survey of mathematics, achievemeftt aijout 26 percent of 13 year olds and 

percent of sevent^iL year olds reported knowing how to program. In 
California 15 percent of sixth graders aiic} 16 percent of twelfth graders 
reported that they had written .and run computer programs. - Natibhwider - 
about 23 percent of- 13 year olds arid 49 percent of seventeen year olds 

-. . " '■ • - ■ ' . - '• - - 1 - ' ■ . , - '.v 

reported having access _tb a computer, in school lor. learning tnathematics • 
In Galiforniar 56 p^qefi^'-of of sixth ;graders and 57 percent* of tw^ltth 
graders reported having ^access' to a inicrdcQmputer at school/ Although 
greater 't>erceritages of Calif bfhia stddents reported acces.s to a 
micrbcbmputer^p smaller * percentages reported using them for prograinjning 
than was true nationwide. 

_ _ * _* *__^\ JL— • » 

It is unfortunate that social cias^, fiistoricaiiy, has-been, 
correlated with 'achievement of ail kijids. This 'relatibnship is clearly 
demonstrated in the area of computer studies, although po'ssible rea^bris 
^for^it weife not so clear. The difference iri twelf tli .gr^de computer 
literacy scores between the highest arid Ibwest parent educatScri- groups, 
was about three times as large* as the diffei*erice between boys and girls. 
Similar differences were fburid fbr the sixth grade test scores. It "was 

about bn^ and ^'half times as. large fbr^ computer science scores. .... 

* \ _ ■ 

It is a truism that fiebple tend to. act in 'accordance with their* 
' ' . . ■ ^ * '* * * 

beliefs. Affective goals, are as .much a part of the educational process 

as are cognitive gpals. in addition to technical kjiowiedge and skills- 

^trUderits shbiild develop a positi^J'e regard for the beneficial . 



c^pabilit'les of' computers. * Ideally ^ the' more brie knows about computer' 
technolo^V the itibre evident thpse attitudes should Related to this 

is the ability to r^bdgn^ze pcfrulai myths about computers and their- 
implied value judgments. Concerns about privacy and-Jqi^ing tresated as a 

« ^ ■ i ■ . ' 

iKtpiberi^:^lt^ou^h^vilid under stbdd;;i.rt' the cqntext^bf the actual, 

capabilities ^nd /limits of technolb^, can be exaggerated in isolation 
'from sucfr knowledge. '4 , ' 

Substantial proportions of Students a.t both the sixth and the twelfth 
' grad^jBS did not feel that computers w^te dehumanizing ahd they rejected' 
popular misconceptions about computers* - Even with this relatively high 
level of awareness and positive outlook it wa3 true that large 
percentages of students at both grades ^believed that a person must be a 
mathematician to work with a computer. This mistaken belief, which 
appears to be widely held by the public, as w^li, is evidence that many 
students 'heed more educating about the basic concepts and uses of 
computer techhblogy. 

Students at both grades tended tb see cbmputers as beneficial in the 
workplace^ belieyed that cbmputers wbuld have ah ever larger role in 

running things, and felt that a knowledge bf cbmputers wbuld help in 

- - '- . - - - - - _ ^ __ - - _ ■ "_ _ _ '-_ 

getting a better job.- An issue raised by the results cbhcerns student 

expectations about instruction in compq^T- technology and the 

relationship of such instruction to preparation for jobs. This study ^ 

does not fuiiy irlluminlite these expect^ions, but thfe -results would be; 

consistent with the notion that students are expecting some typ^ of 

computen^^ucation for jobs. Further issues of interest are. the extent 

to wj«ich student- expectations mirror the expectations of teachers and 

parents, 

24 ' 
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^ Conciasions ' 

ftn optxjnistrc conclusion of the current study is that nearly bne^half^ 
of the students surveyed .$t both grades had in^school experience with 

computers. Programmrng experiencer particularly at school, was 

' ' ' ' . / 

associated with higher twelfth grade test scores.- A majority of 

' \ 

students at both grades exhibited awareiiBSj-^ol^itou^ine -charact 

* ' , ' • « ■ • . ^ • ' 

and uses of computers. 'Test scores for programming objectives wete low, 

however i and mastery of general: knowledge was riot much better. ' > ; \ 

Comparison of California data with that from the -National Assessment of 

Educational Progress suggested that California students are receiving . . 

fess" programming experience than are students nationwide. 

_ ■- _ _ - - - - - -----A 

Given enrol liheht trends in mathematics and science 'that have favored 

/ 

boys for years, it is hot suprising to find a similar trend in the area 



rot . 

rteristibsy 



of computer studies. The greater exposure to computers and 



understanding of them by boys begins as early as the sixth grade ^ and is 
found both at school and at home* This could have negative cbnsequ^ces / 
, for women iS the long run in the area of job competition. *To the extent 
that computers facilitate the handling of information needed by 
professionals, not only, in mathhematics and science^ but in business, 
medicine, law, etc. ^, there will be ah increase in their use. Not to 
have some facility with computer technology, or to possess some useful- 
understanding of computers, may well be a disadvantage in competing tor 

j 

prbfessibhal level jblps. 

Sex -equity is hot the only issue to be faced by schools in defining a 

. _ . _. . .. — — 

policy {or the use of computers. A larger question refers to the role 

of . schools in educating students .-^Is it prpper Cor public schoois to 
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,v:/ : : „:■ ■ ■;■ ■ v;.- -.:.: v 

provide students with entry level, skills for use in bbtaihihg jpbs?^ 
This would imply felativels^ close cbbperatipri between schools and 
"industry? Or shouici sc^iould schools bnly^prbvidie- students with an , 

understanding or* awareness bf cbiriputers thMt wbuld prepare them for 

;;• • - ' ^ , , ■ ' ■ -. • ^ 

-further tralrtijig in liigher e^Ucatibn? Answers tb these questions ,|will 
'affett tjrhe^xpendAtur^ of .put^lic *s^^^ resburces in- three>^Feas 
3cquisitipn of eqfUipmJrit; acquisition of software; and staff ; , ^ 

■development . - Statijs"^ governments/ prof es^S^ associations, ^hd * .* : • , 

\goy^rning bodies of . schools need tb be concern^ witS tti^ making bf 
tfiq^e decisions ^ and thete needs to be more public discussion of the * 

. benefits and costs associated with different choices. -Presumabily, • 

. research into the availability and use made of computer hardware *and 
sbftware, and related staff, development, is needed to help clarify the36 
issues. . 
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AppendiK A ; . 

STUDENT OBJECTIVES^ ^' 

Demonstrate undelrstahdihf of the capabilities, applications, and 
implicatibhs of computer technology. (239) 

1. Interact with a computer and/or other electronic devices, 
(42)' 

1. Demonstrate ability to operate a variety of devices which 
are tsased on electronic logic. (8) 

2. Demonstrate ability to use a computer in the interactive 
y. mode. (13) 

i^3. Independently select a program from the cbnputer; resource 
library. (9) - ' 

4. Recognize user errors associated^ with computer 

utilization. (12) ' . " 

2. Explain the functions and. uses ^df a computer system. (91) 

1. use ah apprbpri>ate vdckbulary for communicating about 
, cbiiputers. (25) 

2. Distinguish between interactive mode snd batch mode 
cdn$)uter processing. (9) 

3. Identify a compute^ system's major components such as 
input, memoryr processing, and output. (20). 

4 . Recogniz^ tasks for vSiich computer utilization is " 
' appropriate. (14). . ^ ^ ; 

■ ■ ... ■ i . ' ■ ^ ■ 29. ^ 
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5. Describe, the major historical developments in computing. 

- (23) 

Utilize^ systematic processes in problem solving. (58) 

1. Choose a logical sequence of steps needed to perform a 
task. (10) ' ' 

2. Diagram the steps in solving a program. (7) 

3. Select the appropriate tool and procedure to solve a 
problem. (11) , ^ 

4. Develop systematic procedures to perform useful tasks in 
areas such as social studies, business , ^science and 
mathematics. (12) - . 

5. Write simple programs to solve problems using a high 
level l^tnguage such as PILOT, LOGO and BASIC. (18) 

Appraise the impact of computer technology upon human life. 

1. Identify specific upes of compqters irt fields ; such. as 
medicine, law enforcement r:~± 

trahsportatibn> government, banking andlspaci 
'exploration . ( 12 ) 

2. Compare cbmputer-relatai educations and careers. (13) 

3. Identify social and other non-technical f act6rs(A^hitfh ' 
might restrict computer utilization. (10) - * _ 

4. _Recbgnize the consequences of computer utilization. (11) • 

5. Differentiate between responsible and irresponsible uses 
of cbit^iuter technblbgy. (2) 
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^Demonstrate understandings of computer systeins including software 
'development, the design and operation of^hardvjjarer and the use of 
computer systems in solving problems. (191.) 

!• Write structured and documented computer software. (95.) ; 

1. Write well organized BASIG programs which include the use 
of color, sbtind and girapJ}ics statements. (41) 

2. Write programs which demonstrate advanced. prograiffl 
techniques used to solve problems in business , scientific 
or entertaihineht applicatiibhs . (19) 

3. Write programs in ah additional high level languatge such 

. • - ■ 

as PASCAL, COBOL or FORTRAN. (25) 

. ' - - ' - . . - - - ^ _ _■ ■ _ 1 , 

4..., Write programs in a low level language such as machine 

,- ■ • _. • ■. • • ' ■ 

language or assembler. (10) 
2. .Defdnstrate Jcnowledge of the design and operation of computer 
^hardware. (57)' 

1. Demonstrate unassisted operation of at least two 

different configurations of computers and their : 

peripherals, (16) 
» / _____ 
2> Use a special purpose computer bir cbn^uter interfaced 

devices to monitor or control events by sensing 

temperature^ lights sbund, or other physical phencxnena. 

(10) ^ ^ 

- ■ : - _ _. _ •_ _ : J __. 

3.. Describe the cbmputer's digital electronic circuitry in 
terms bf bf binary arithmetic and logical operators'; (19) 

4. Rerfbrm vendor authorized minor maintenance on the 
computer system. (12) . ] ' ^ 



ERIC 
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3 * Use computer , systeffis in prpblep; splyingjv* X J 

1. : Use .data procejssitig utilities ij^pJudihg/^i^cD'H -^^^^ 
' and data bc/se management iri.::prqbl (dz) 

2. Translate, software from one language, to. another or. to 
another version of ti^e same* language. (.Iji) - > , ^ 



3. Analyze different solotioiis to £he same problem. (16) 
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Tabtfe 1 
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Twelfth^ and Sixth Grade Percent Correct Scores 



Pfercent Correct 
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Twelfth iSrade " Sixth Grade 





objective 


Total 


Boys 

- i 


Girls 


Total 


Boys Girls 




















Overall / ^| 


56 


58 


54 


27 


29 _ 


251 




1 • 2 . 1 Vocabulary^ 


B2 


oZ 






50' • 


42 


* ■■ 

■ f 


1;2.2 Interactive and 


35 ; 


3% 


,37 


9 


10 ■ 


8" 




Batch 
















i. 2.3 System Components 


.58 




54 ^ 


•3b 


33 


21 ' 




1.2.5 History ^ j 


54 


, 57: 


50 


19 


22 


: 15 




;* .1.3.4 Systematic 


72 


73 


72 ■• 


35 


35 


•35 




Procedures 
















. 1^3 ;5 Simple Programs 


35. 


36 


33 


22 


24 


20 * 




i. 4^1 Specific Use5 


. 87 . 


89 


84 


37 


38 


36 




s 1. 4 .2 -Careers - 


:48 




' 45 


24 


25 


22 




• ■ 




' % 

I' 
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Student Attitudes' Toward tcJmput'er T^chhbiogy 

• ■■ v.,; . 

Attitude Indek 



Statement ' . , 


Twelftlh Grade 
Total Boys Gitls 


Sixth Grade ^ ^ 
Total Boys' Gir^ls-^ 


• '-^ • 

Computers treat evervbhe 
A ,.as ' a number 


2^89 2.87 


2.93 


^^3.12 3.13^ 


3.10 


Th e mbr e c bmpu t er^ ar e 
used the less privacy 
there is 


2.96 2.97 


2.94 


2.98 2.93 


.2f98 ' = 

>- 


.. i , r • 
, Computers create as 
• • many jobs as they 
eliminate 


3.13 3.07' 


■3.21 


^3.29 3.30 


3.28 . ^ 


Computers slow down cUid 
complicate business 
operations 


1.93 1.83 


2.08 


2.6^ 2.57 


2.72 

■ ^ . 


Wtii help to get a 
ttetter job 


3.97 3.97 


3.91 * 


3.74 S.86 


3.67 


Someday roost things will 
be run; by computers 


'4.05 4.63 


4.04, 


^3s74 3.83 


3i;67 


Computers can help naake 
mathematics more 
interesting 


3.88^3.92 


3.77 


3.88' 3,96 


3.81 " 


To work with a_ computer 
a person itlust b^ a 
' mathematician 


2.72 2.68 


2.74 


2.80 2.84 


2.79 

i- ■ 








■ . 1 

I 
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• 

where learh©i about computers 

N - 

Test Scores • ' Subgrbug Percehts , 

Computer Computer - Twelfth Grade ^ixth Grade 

guestibn Literacy Science Total Boys Girls Total Boys Girls 



. . Table 3 
Where learh©i about computers 



Home 46 34 ' . . 14 17 il 23 25 20 

Friends 45 33 ' ^IG 13 7 . ; . 

Summer ,46 36 3 4 4 4 4 3 

Museums 45 36 2 2 2 4 4 3 

-SchODt-fdHy) 3% ^ ^ ^---^9 — — 2€~-- 27—-- 26 • 29 

School; "(evi^^ni^g) 47 ' 39 -2 3 2, 3 3 2 

■ . " • . . _ _ _ 

Stores 48 31 6 9 4 10 13 .7 

video games 41 30 21 25 . 17 42 46 39 

Know little 39 27 - 45 39 : 51 47 13 22 

~ ■ ^t: " " — ■ ^ — , 
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Tabla i 





Types of 


in- school micrdc 


zdmputer learning 










.; Test 1 


Scores 

. . 


J ' \ ■ 

Subgroup Percent s 




i 




Computer 


Computer 


Twelfth 


Grade 


Sixth Gra 


de 


Question 


Literacy 


Science Total Bcsys 


Girls. 


Total 


Boys 


(Sir is 


Wtite programs 


57 


47 


16 18 


13 • 


15 


3.6 


13 i 

} 

14 


General 


57 


^ 45 


17 17 

T 


17 : 


15 


16 


information 






r 




* 






Drill and 




. 43 


11 , 12 


11 


13 


13 




practice 
















Demon s t rat ion s 


■ 56 


43 


8 9 


8 . 


15 


16 


14 


Tutorial 


55 


/ 47 


5 5 


5 


1 




i 


Computer games 


' 52 


39 . 


12 14 


, 11 


^3 


35 


31 


No experience * 


49 


34 


53 ' 50 


57 


32 


29 


35 



Table 5 



Student Access to' Computer Xechholbgy 



Test Scbres 



■?? ^ 

Subgroup Percent s 



4 : 



Computer^:' Computer Twelfth Grade Sixth Grade 

Literkcy Science Total Boys / Girls Total Boys Girls' 



Access to a 
inicrocdmputer 
at school ' 

Yes 

No 

Access to a - 
. videogajne at 
l/home 
Yes 

tNo )^ 



48 
44 



■i 



49 
48 



30 . 
26 



31 
32 



57 
43 



47 

53 



•61 
39 



50 
50 



54 
46 



44 
56 



56 
44 



65 



35" 



60 
40 



■73 
27 



52 
48 



57 
43 



1 

"i'- " 



53;0O + 




40.00 + 



39;00 ♦ 



3i!.eo ♦ 



Not High School High School 



Some 



" Q Pifiire"!. Twelfth grade cbmpater literacy percent correct for 
ERK"^ girls ((3j by parent edacationai lei?el 



Pour Years of College Advanced Degree 

' ' '• ' . ' '. 
and 
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25.00 * 




School ' fligh Schopl 



Some College 



Four Years of GbUege Advanced Degree 



Q ,i>^uic'4. TWelfbh-grade conipater science percent correct fbr 
ER^ ' giris»?Gj by .patent educatio^^ 



arid 



4i 




SKILLED 



SEMI-PROPESSI6NAL 



PROFESS lONAI 



Figure 3. Sixth grade computer literacy percent correct for boys(B) and 
girls (G)' by parent occupational level* 
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